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(57) ABSTRACT

Provided is a motor including a motor driving unit outputting
a plurality of switching signals and any one of estimated
three-phase voltages, in response to a control signal and a
compensated position signal; a pulse width modulation
(PWM) inverter outputting three-phase voltages and any one
of estimated three-phase currents corresponding to the one
estimated phase voltage, in response to the plurality switch-
ing signals; a motor unit operating based on the three-phase
voltages and outputting a position signal according to the
operation; and a position signal compensation unit receiving
the position signal, the estimated phase voltage and the esti-
mated phase current, detecting a phase difference between the
estimated phase voltage and the estimated phase current and
compensating for the position signal in response to the
detected phase difference.

12 Claims, 3 Drawing Sheets
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1
POSITION SIGNAL COMPENSATION UNIT
OF MOTOR, AND MOTOR INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2013-0074538, filed on Jun. 27, 2013, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to a motor,
and more particularly, to a position signal compensation unit
of'a motor, and motor including the same.

A motor is a device that converts electric energy into
mechanical energy by using force applied to a current in a
magnetic field. The motor is classified into an alternating
current (AC) motor and a direct current (DC) motor according
to the type of an input power source. AC motors supply
currents to the winding of stators, change magnetic fields and
rotate rotors. DC motors supply constant currents to rotors
and rotate the rotors. In this case, the DC motor uses a brush
and enables currents to flow in a certain direction irrespective
of a rotor position.

Recently, as an electronics control technology develops, a
DC motor not using a brush by using an electronic switching
technology, namely, a brushless direct current (BLDC) motor
has been provided. Since the BLDC motor does not use the
brush, it has no drawbacks, such as heat emission due to
mechanical friction and brush’s wear. However, there is a
need for a separate device for detecting a rotor position in
order to control the BLDC motor.

SUMMARY OF THE INVENTION

The present invention provides a position signal compen-
sation unit of a motor, and a motor including the same that
automatically compensate for a rotor position.

Embodiments of the present invention provide motors
include a motor driving unit outputting a plurality of switch-
ing signals and any one of estimated three-phase voltages, in
response to a control signal and a compensated position sig-
nal; a pulse width modulation (PWM) inverter outputting
three-phase voltages and any one of estimated three-phase
currents corresponding to the one estimated phase voltage, in
response to the plurality switching signals; a motor unit oper-
ating based on the three-phase voltages and outputting a
position signal according to the operation; and a position
signal compensation unit receiving the position signal, the
estimated phase voltage and the estimated phase current,
detecting a phase difference between the estimated phase
voltage and the estimated phase current and compensating for
the position signal in response to the detected phase differ-
ence.

In other embodiments of the present invention, position
signal compensation units of motors include a first compara-
tor receiving any one of estimated three-phase voltages and
outputting a voltage signal in response to comparing voltage
levels of the received estimated phase voltage and a ground
voltage; a second comparator receiving any one of estimated
three-phase currents and outputting a current signal in
response to comparing current levels of the received esti-
mated phase current and a ground current; a first phase detect-
ing unit detecting a phase difference between the voltage
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signal and the current signal; a second phase detecting unit
detecting phase diagnosis between the voltage signal and the
current signal; and a compensation unit receiving a position
signal based on a position of a rotor included in the motor and
compensating for the position signal in response to the
detected phase difference and the detected phase diagnosis.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the drawings:

FIG.1is ablock diagram of a motor system according to an
embodiment of the present invention;

FIG. 2 is ablock diagram of a motor driving unit in FIG. 1;

FIG. 3 is a block diagram of a pulse width modulation
(PWM) inverter in FIG. 1;

FIG. 4 is ablock diagram of a position signal compensation
unit in FIG. 1; and

FIG. 5 is a circuit diagram of the position signal compen-
sation unit in FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the accompanying
drawings to fully explain the present invention in such a
manner that it may easily be carried out by a person with
ordinary skill in the art to which the present invention per-
tains. The same components are denoted by using the same
reference numerals. [ike components are denoted by using
similar reference numerals. A motor according to the present
invention as will be described and operations to be performed
by using the motor are merely examples and may make vari-
ous changes and alterations within the scope of the technical
spirit of the present invention.

In describing the present invention, the motor may be
described that it is implemented as a brushless direct current
(BLDC) motor. Also, the BLDC motor may be described as a
motor that includes hall element-based position sensors in
order to detect position signals. The BLDC motor according
to the present invention may be described based on the detec-
tion of a rotor position, and speed information on the BLDC
motor may be obtained based on the detection of the rotor
position.

FIG.1is ablock diagram of a motor system according to an
embodiment of the present invention. Referring to FIG. 1, a
BLDC motor system 10 includes a motor driving unit 100, a
pulse width modulation (PWM) inverter 200, a BLDC motor
unit 300, and a position signal compensation unit 400.

The motor driving unit 100 receives a control signal CTRL
from the outside and a compensated position signal PST' from
the position signal compensation unit 400. The motor driving
unit 100 controls the PWM inverter 200 in response to the
received control signal CTRL and the received compensated
position signal PST'. Specifically, the motor driving unit 100
outputs a plurality of switching signals that control the PWM
inverter 200 in response to the received control signal CTRL
and the received compensated position signal PST".

Unlike the motor driving unit 100 according to the present
invention, a typical motor driving unit does not receive a
compensated position signal but directly receives a position
signal from the BLDC motor. The position signal received
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from the BLDC motor includes an error of arotor position due
to design, manufacturing, or external impact. Thus, a typical
motor driving unit needs position compensation data that
needs compensation according to the error of the rotor posi-
tion. Thus, the typical motor driving unit includes a look-up
table that stores position error vs. position compensation data.

However, since the error of the rotor position varies
depending on an external condition and the driving condition
of the motor, there is a limitation in that a lot of time is needed
to create the look-up table. Also, there is a need for a memory
for storing the look-up table.

The motor driving unit 100 of the present invention does
not receive a position signal PST including a position error
but receives a position signal PST' compensated through the
position signal compensation unit 400. Thus, the motor driv-
ing unit 100 has no need to include position compensation
data that compensates for the position error. In other words,
the motor driving unit 100 has no need to create the look-up
table that is stored based an external condition and the driving
condition of the motor.

The PWM inverter 200 outputs three-phase voltages u, v
and w according to the control of the motor driving unit 100.
In embodiments, the PWM inverter 200 may include six
switching devices. The PWM inverter 200 controls six
switching devices in response to a plurality switching signals
that are output from the motor driving unit 100. The PWM
inverter 200 controls the six switching devices to be able to
output three-phase voltages u, v and w.

In embodiments, the plurality of switching devices
included in the PWM inverter 200 may be provided based on
a power semiconductor device, such as an insulated gate
bipolar mode transistor (IGBT), a gate turn-off thyristor
(GTO), a power diode, etc. In embodiments, the three-phase
voltages u, v and w may have the form of a sinusoidal wave
including a harmonic wave. Also, in embodiments, the motor
driving unit 100 and the PWM inverter 200 may be provided
as a motor driving module.

The BLDM motor unit 300 operates in response to the
three-phase voltages u, v and w that are output from the PWM
inverter 200. In embodiments, the BLDC motor unit 300 may
be a motor that includes hall element-based position sensors.
The hall element may be an element measuring the intensity
of'a magnetic field. The BLDC motor unit 300 may include
hall element-based first to third position sensors (not shown).
The first to the third position sensors measure and output the
intensity of a magnetic field that varies depending on the
rotation of a rotor.

The first to the third position sensors may be located at
fixed positions in order to sense a rotor position. In an ideal
case, the intervals of the first to the third position sensors will
have an angle of 120. However, due to design, manufacturing,
or external impact, the positions of the first to the third posi-
tion sensors may be changed. The angle of the changed posi-
tion is referred to as a position error.

Also, the BLDC motor unit 300 includes a rotor and a
stator. The rotor may be provided as a permanent magnet, and
the stator receives three-phase voltages u, v and w. Since the
fundamental waves of the three-phase voltages u, v and w are
sinusoidal waves that have specific frequencies, a magnetic
field generated from the stator by the three-phase voltages u,
v and w varies. Electromagnetic force is generated according
to electromagnetic induction based on the direction of the
varying magnetic field. The rotor may be rotated by the gen-
erated electromagnetic force.

Also, in embodiments, the BLDC motor unit 300 may
operate with sinusoidal wave currents according to a 180°
driving scheme. A BLDC motor according to a 120°-driving
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scheme operates with square wave currents based on a 60°
interval position signal. However, the BLDC motor according
to the 120°-driving scheme has an advantage in that cost is
low, but has drawbacks, such as torque ripple and noise. Thus,
the BLDC motor unit 300 according to the present invention
may operate with sinusoidal wave currents according to a
180°-driving scheme in order to decrease torque ripple.

The position signal compensation unit 400 receives the
position signal PST from position sensors that are included in
the BLDC motor unit 300. The position signal compensation
unit 400 may generate the compensated position signal PST'
in response to received position signals.

Specifically, the position signal compensation unit 400
receives a phase voltage Va from the motor driving unit 100
and a phase current la from the PWM inverter 200. The phase
voltage Va and the phase current Ia may be a phase voltage
and a phase current that are applied to any one phase among
voltages and currents applied to three phases of the BLDC
motor unit 300. Also, in embodiments, the phase voltage Va
and the phase current la may be sinusoidal signals.

The position signal compensation unit 400 detects the
phase difference between the received phase voltage Va and
the received phase current Ia. The position signal compensa-
tion unit 400 may estimate the position error of the position
signal PST according to the detected phase difference. The
position signal compensation unit 400 may compensate for
the position signal PST received from the BLDC motor unit
300, according to the estimated position error. The position
single compensation unit 400 delivers the compensated posi-
tion signal PST' to the motor driving unit 100.

FIG. 2 is a block diagram of the motor driving unit in FIG.
1. Referring to FIG. 2, the motor driving unit 100 includes a
driving control unit 110, a voltage generating unit 120, and a
pulse modulating unit 130.

The driving control unit 110 receives a control signal
CTRL form the outside and a compensated position signal
PST' from the position signal compensation unit 400. The
driving control unit 110 controls the phase of a reference
voltage Vref in response to the compensated position signal
PST".

The driving control unit 110 receives the control signal
CTRL and controls the amplitude or the frequency of the
reference voltage Vref. For example, the control signal CTRL
may include desired-speed information on the BLDC motor
unit 300. The driving control unit 110 may control the ampli-
tude or the frequency of the reference voltage Vref based on
the desired-speed information.

Specifically, if the speed of the BLDC motor unit 300 is
lower than the desired speed, the driving control unit 110 may
increase the amplitude of the reference voltage Vref or raise
the frequency thereof. On the contrary, if the speed of the
BLDC motor unit 300 is higher than the desired speed, the
driving control unit 110 may decrease the amplitude of the
reference voltage Vref or lower the frequency thereof.

The voltage generating unit 120 may generate the reference
voltage Vref according to the control of the driving control
unit 110. The generated reference voltage Vref'is transmitted
to the pulse modulating unit 130. As an example, the form of
the reference voltage Vref may vary depending on a PWM
modulation scheme.

Also, the voltage generating unit 120 delivers any one Va of
three-phase voltages to the position signal compensation unit
400 (See FIG. 1) based on the reference voltage Vref. The
reason for what each of the three-phase voltages from the
voltage generating unit 120 is not delivered to the position
signal compensation unit 400 but only one phase voltage Va is
delivered is because the position error between the three-
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phase voltages equally occurs. As an example, each of the
three-phase voltages may have a phase difference of 120.

Also, in embodiments, three-phase voltages u, v and w to
be applied to the BLDC motor unit 300 may be estimated
based on the three-phase voltages that are generated from the
voltage generating unit 120.

The pulse modulating unit 130 may output a plurality of
switching signals based on the received reference voltage
Vref.

FIG. 3 is a block diagram of a pulse width modulation
(PWM) inverter in FIG. 1. Referring to, the PWM inverter
200 includes an inverter 210, a DC-link 220, and a current
sensing unit 230.

The inverter 210 receives a plurality of switching signals
from the pulse modulating unit 130 and outputs three-phase
voltages u, v and w based on the received switching signals.
The DC-link 220 supplies power so that the inverter 210 may
output the three-phase voltages u, v and w. As an example, the
three-phase voltages u, v and w may have sinusoidal forms
according to a 180° driving scheme. As an example, the
maximum value of the three-phase voltages u, v and w may be
the voltage VDC of the DC-link 220.

The current sensing unit 230 may sense three-phase cur-
rents based on the three-phase voltages u, v and w that are
applied from the inverter 210 to the BLDC motor unit 300.
The current sensing unit 230 delivers any one la of the sensed
three-phase currents to the position signal compensation unit
400 (See FIG. 1). Likewise, the reason for what each of the
three-phase currents from the current sensing unit 230 is not
delivered to the position signal compensation unit 400 but
only one phase current Ia is delivered is because the position
error between the three-phase currents equally occurs. In
embodiments, the current sensing unit 230 may sense the
three-phase currents by using a current sensor scheme and a
resistor scheme, as schemes for sensing the three-phase cur-
rents.

FIG. 4is ablock diagram of'a position signal compensation
unit in FIG. 1. Referring to FIG. 4, the position signal com-
pensation unit 400 includes a first comparator 410, a second
comparator 420, a first phase detecting unit 430, a second
phase detecting unit 440, and a compensation unit 450.

The first comparator 410 receives the phase voltage Va
from the voltage generating unit 120 (See FIG. 2). In embodi-
ments, the phase voltage Va may be a sinusoidal wave. The
first comparator 410 generates a voltage signal according to
comparing the voltage levels of the received phase voltage Va
and the ground voltage. The first comparator 410 delivers the
generated voltage signal to the first and the second phase
detecting units 430 and 440.

The second comparator 420 receives the phase current la
from the current sensing unit 230 (See FIG. 3). In embodi-
ments, the phase current la may be a sinusoidal wave. The
second comparator 420 generates a current signal according
to comparing the current levels of the received phase current
Ia and the ground current. The second comparator 420 deliv-
ers the generated current signal to the first and the second
phase detecting units 430 and 440.

The first phase detecting unit 430 receives the voltage
signal and the current signal from the first and the second
comparators 410 and 420. The first phase detecting unit 430
performs logical operation on the received voltage signal and
the received current signal to be able to detect the phase
difference signal between the two signals. The first phase
detecting unit 430 delivers the detected phase difference sig-
nal to the compensation unit 450.

Likewise, the second phase detecting unit 440 receives the
voltage signal and the current signal from the first and the
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second comparators 410 and 420. The second phase detecting
unit 440 may detect phase diagnosis for the leading phase or
the lagging phase between two signals based on the received
voltage signal and the received current signal. For example,
the second phase detecting unit 440 may detect a phase diag-
nosis signal corresponding to a leading phase if the phase of
the voltage signal leads the phase of the current signal. On the
contrary, the second phase detecting unit 440 may detect a
phase diagnosis signal corresponding to a lagging phase ifthe
phase of the current signal leads the phase of the voltage
signal.

The compensation unit 450 receives the phase difference
signal and the phase diagnosis signal from the first and the
second phase detecting units 430 and 440. The compensation
unit450 may compensate for the position error of the position
signal PST received from the BLDC motor unit 300 in
response to the received phase difference signal and the
received phase diagnosis signal. The compensation unit 450
delivers the compensated position signal PST' to the motor
driving unit 100 (See FIG. 1) based on the received position
signal PST.

As described above, the position signal compensation unit
400 may compensate for the position error included in the
position signal PST, based on the phase voltage Va and the
phase current Ia. The operation of the position signal com-
pensation unit 400 is described in detail with reference to
FIG. 5.

FIG. 5 is a circuit diagram of the position signal compen-
sation unit in FIG. 1. Referring to FIG. 5, the first comparator
410 outputs a voltage signal according to comparing the
voltage levels of the phase voltage Va and the ground voltage.
In embodiments, the phase voltage Va is implemented as a
sinusoidal signal and if the level of the phase voltage Va is
higher than the level of the ground voltage, the first compara-
tor 410 outputs a high-level voltage signal. On the contrary, if
the level of the phase voltage Va is lower than that of the
ground voltage, the first comparator 410 outputs a low-level
voltage signal.

The second comparator 420 outputs a current signal
according to the voltage levels of the phase current la and the
ground current. In embodiments, the phase current Ia is
implanted as a sinusoidal signal and if the level of the phase
current la is higher than the level of the ground current, the
second comparator 420 outputs a high-level current signal.
On the contrary, if the level of the phase current Ia is lower
than that of the ground current, the second comparator 420
outputs a low-level current signal.

The first phase detecting unit 430 includes a logical opera-
tion unit431 and a counter 432. The logical operation unit 431
receives the voltage signal from the first comparator 410 and
the current signal from the second comparator 420. In
embodiments, the logical operation unit431 may be an exclu-
sive OR (XOR) operation unit. The logical operation unit 431
detects the phase difference according to the operation result
between the received voltage signal and the received current
signal. The logical operation unit 431 outputs detected phase
difference information to the counter 432.

The counter 432 receives the phase difference information
from the logical operation unit 431 and detects a count cor-
responding to the received phase difference information. The
counter 432 may generates a phase difference signal in
response to the detected count. The counter 432 delivers the
generated phase difference signal to the compensation unit
450.

The second phase detecting unit 430 includes a phase diag-
nosing unit 441. The phase diagnosing unit 441 receives the
voltage signal from the first comparator 410 and the current
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signal from the second comparator 420, like the logical opera-
tion unit 431. In response to the received voltage signal and
the received current signal, the phase diagnosing unit 441
diagnoses the leading or lagging relation between the two
signals. The phase diagnosing unit 441 delivers to the com-
pensation unit 450 a phase diagnosis signal according to a
diagnosed result.

The compensation unit 450 receives the phase comparison
signal from the counter 432 and the phase diagnosis signal
from the phase diagnosing unit 441. Also, the compensation
unit 450 receives the position signal PST from the BLDC
motor unit 300. As an example, the position signal PST may
include a position error of a rotor according to an external
condition and the driving condition of the BLDC motor. The
compensation unit 450 may compensate for the position error
of the received position signal PST in response to the phase
comparison signal and the phase diagnosis signal.

As an example, the compensation unit 450 multiplies the
phase comparison signal by a gain and adds a value obtained
through the multiplication to the position signal PST, if the
result of the phase diagnosis signal indicates leading, namely,
if the phase of the voltage signal leads that of the current
signal. On the contrary, if the result of the phase diagnosis
signal indicates lagging, the phase comparison signal is mul-
tiplied by the gain and a value obtained through the multipli-
cation is subtracted from the position signal PST.

Thus, the compensation unit 450 may output the compen-
sated position signal PST'. The compensation unit 450 deliv-
ers the compensated position signal PST" to the motor driving
unit 100 (See FIG. 1).

As described above, the BLDC motor system 10 according
to the present invention may compensate for the position error
of'the rotor caused according to an external condition and the
driving condition of the BLDC motor unit 300, through the
position signal compensation unit. Thus, the BLDC motor
system 10 may efficiently compensate for the position error of
the rotor without a look-up table in which position compen-
sation data is stored according to the condition of the BLDC
motor and the external condition.

Also, although the BLDC motor system according to the
present invention is described as a BLDC motor including
position sensors that are based on hall sensor elements, the
present invention is not limited thereto. In other words, the
BLDC motor system may include a BLDC motor that is
implemented in a sensor-less driving scheme not needing
sensors. As an example, if the BLDC motor is implemented in
the sensor-less driving scheme, a position signal output from
the BLDC motor may be detected based on three-phase volt-
ages that are output from an inverter.

The position signal compensation unit of the motor accord-
ing to the present invention may automatically compensate
for the position signal of the motor without compensating the
position signal based on pre-stored position compensation
data. Thus, a motor is provided which may automatically
compensate the position signal of the motor irrespective of
the external condition and the driving condition of the motor.

Hitherto, the best mode was disclosed in the drawings and
specification. While specific terms were used, they were not
used to limit the meaning or the scope of the present invention
described in Claims, but merely used to explain the present
invention. Accordingly, a person having ordinary skill in the
art will understand from the above that various modifications
and other equivalent embodiments are also possible. Hence,
the real protective scope of the present invention shall be
determined by the technical scope of the accompanying
Claims.
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What is claimed is:

1. A motor comprising:

a motor driving unit outputting a plurality of switching
signals and one of estimated three-phase voltages, in
response to a control signal and a compensated position
signal;

apulse width modulation (PWM) inverter outputting three-
phase voltages and one of estimated three-phase cur-
rents corresponding to the one estimated phase voltage,
in response to the plurality of switching signals;

a motor unit operating based on the three-phase voltages
and outputting a position signal according to the opera-
tion; and

a position signal compensation unit receiving the position
signal from the motor unit, the estimated phase voltage
from the motor driving unit and the estimated phase
current from the PWM inverter, detecting a phase dif-
ference between the estimated phase voltage and the
estimated phase current, and compensating for the posi-
tion signal in response to the detected phase difference to
thereby generate the compensated position signal for the
motor driving unit.

2. The motor of claim 1, wherein the motor unit comprises

a plurality of position sensors, and the plurality of position
sensors output the position signal based on a position of a
rotor that is included in the motor unit.

3. The motor of claim 2, wherein the plurality of position
sensors are provided based on hall elements.

4. The motor of claim 1, wherein the motor driving unit
comprises:

a driving control unit outputting a control signal control-
ling a reference voltage, in response to the control signal
and the compensated position signal;

a voltage generating unit generating the reference voltage
in response to the control signal and outputting any one
of the estimated three-phase voltages based on the ref-
erence voltage; and

apulse modulating unit receiving the reference voltage and
outputting the plurality of switching signals in response
to the received reference voltage.

5. The motor of claim 4, wherein the driving control unit
outputs the control signal that controls a frequency or an
amplitude of the reference voltage.

6. The motor of claim 1, wherein the three-phase voltages
have a form of a sinusoidal wave that includes a harmonic
wave.

7. The motor of claim 1, wherein the motor unit follows a
brushless direct current (BLDC) scheme.

8. A position signal compensation unit of a motor compris-
ing:

a first comparator receiving any one of estimated three-
phase voltages and outputting a voltage signal in
response to comparing voltage levels of the received
estimated phase voltage and a ground voltage;

a second comparator receiving any one of estimated three-
phase currents and outputting a current signal in
response to comparing current levels of the received
estimated phase current and a ground current;

a first phase detecting unit detecting a phase difference
between the voltage signal and the current signal;

a second phase detecting unit detecting phase diagnosis
between the voltage signal and the current signal; and

a compensation unit receiving a position signal based on a
position of a rotor included in the motor and compen-
sating for the position signal in response to the detected
phase difference and the detected phase diagnosis.



US 9,219,437 B2
9

9. The position signal compensation unit of the motor of
claim 8, wherein the first phase detecting unit comprises:

a logical operation unit detecting a phase difference

between the voltage signal and the current signal; and

a counter detecting a count according to the phase differ- 5

ence and outputting the phase difference signal based on
the detected count.

10. The position signal compensation unit of the motor of
claim 9, wherein the logical operation unit is an exclusive OR
(XOR) logical operator. 10

11. The position signal compensation unit of the motor of
claim 8, wherein the phase diagnosis comprises information
on whether a phase of the voltage signal leads or lags a phase
of the current signal.

12. The position signal compensation unit of the motor of 15
claim 8, wherein if a level of the received estimated phase
voltage is higher or lower than a level of a ground voltage, the
first comparator changes and outputs the level of the voltage
signal, and if a level of the received estimated phase current is
higher or lower than a level of a ground current, the second 20
comparator changes and outputs the level of the current sig-
nal.



